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Systemic and splanchnic hemodynamics were studied before and six months after a portal systemic shunt
(n 6) or a Sugiura procedure (n 9) in 15 patients with cirrhosis and a past history of variceal bleeding.
Hepatic blood flow was estimated by hepatic extraction and clearance of continuous indocyanine green
infusion. Azygos blood flow was measured with a continuous thermodilution catheter. After portocaval
shunt, the cardiac index increased significantly from 4.0+1.4 to 5.4+0.8 l/min m2 (p < 0.05), the hepatic
venous pressure gradient and hepatic blood flow were significantly decreased from 21+3 to 13+5 mm Hg
(p < 0.05) and from 1.20+0.35 to 0.37+0.16 l/min (p < 0.05) respectively. The decrease in azygos blood
flow was not significant (0.51+0.31 vs 0.25+0.33 l/min; p 0.1). After Sugiura procedure, there was no
significant change in cardiac index, hepatic venous pressure gradient, hepatic blood flow or azygos blood
flow. This is the first study to show the long-term maintenance ofsplanchnic and systemic hemodynamics
in patients with cirrhosis after Sugiura procedure. The absence of long-term hemodynamic alterations
could explain the absence of encephalopathy after this procedure.
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INTRODUCTION
Surgical prevention of recurrent variceal bleeding in
patients with portal hypertension can be obtained by
decreasing variceal pressure by portal systemic shunt-
ing or eradicating esophageal varices. In patients with
cirrhosis, the hemodynamic changes resulting from
portal blood diversion may increase the prevalence of
hepatic encephalopathy and decrease survival rate 1’2.
The Sugiura procedure3, including splenectomy, ex-
tensive esophago-gastric devascularization, and
oesophageal transection should not decrease portal
pressure and hepatic blood flow and should be
therefore better tolerated. However it has been
Correspondence to: DR. C. Vons, Service de Chirurgie, H6pital
Antoine B6cl+re, 157, rue de la Porte de Trivaux, 92141 Clamart
cedex. Telephone number: (1) 45374347; Fax: (1) 45374978.
suggested that splenectomymay decrease portal blood
flow and portal pressure. Finally the hemodynamic
effects of these two procedures are not well known.
The aim of this study was to compare changes in
systemic and splanchnic hemodynamics six months
after a Sugiura procedure or a portocaval shunt in 15
patients with cirrhosis, portal hypertension and a past
history of variceal bleeding.
PATIENTS AND METHODS
Patients
Fifteen consecutive patients with alcoholic cirrhosis
were included in a prospective randomized trial com-
paring surgical portocaval shunts to a Sugiura proce-
dure in the prevention of recurrent variceal bleeding.
Inclusion criteria were"
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a) at least one episode of variceal bleeding con-
firmed by endoscopy; b) serum bilirubin < 50 gmol/
1; c)prothrombin time > 40% ofcontrol; d)no biologi-
cal or morphological signs of hepatocellular carci-
noma; e) patent portal vein on superior mesenteric and
celiac arteriograms. There were 10 males and five
females. Mean age was 51+8 years. Six patients had a
portocaval shunt and nine had a Sugiura procedure.
Liver tests were performed before surgery. Patients
were classified according to the Pugh Score4. There
were no significant differences between the two groups
(Table 1).
Operative Procedure
Patients were operated on after amean interval of8+2
weeks following variceal hemorrhage when they had
fully recovered from bleeding.
Portocaval shunts were performed through a right
subcostal incision. A side-to-side portocaval shunt
was performed in five patients (mean decrease during
surgery in portal pressure: 11+3 mm Hg) and a
mesocaval shunt (Dacron, 18 mm in diameter) in one
patient. Sugiura procedure was performed through a
single left subcostal abdominal approach and in-
cluded esophago-gastric devascularization, splenec-
tomy and esophageal transections. The lower third
of the esophagus was devascularized from the left
lower pulmonary vein to the diaphragm, requiring
ligation ofcollateral veinsjoining peri-esophageal and
intra-esophageal varices. The esophagus was divided
and anastomosed at the esogastric junction with a
mechanical stapler to interrupt the flow through the
submucosal veins6.
Hemodynamic Investigations
Hemodynamic measurements were performed as pre-
viously described7, preoperatively, 10 to 21 days be-
fore surgery, and postoperatively six months after
surgery. Briefly, in the morning after an overnight fast,
patients were premedicated with 50 mg meperidine
intramuscularly and placed on a padded fluoroscopy
table. The right internal jugular vein was canulated
with a 9F introducer sheath to allow insertion of
different catheters. The hepatic venous pressure gradi-
ent, calculated as the difference between the wedged
and free hepatic venous pressures, was measured by a
precurved catheter (Cordis SA, Miami, FL). A Swan-
Ganz catheter was used to measure pulmonary arte-
rial and capillary wedged pressures and cardiac
output. The systemic vascular resistance (SYR) was
calculated by the following formula: SV (mean arte-
rial pressure-right atrial pressure) X 80/cardiac out-
put. Hepatic blood flow was estimated by hepatic
extraction and clearance of continuous indocyanine
green infusion (8). This value was rejected if extraction
was 10% or less and if a steady-state concentration
was not achieved. Azygos blood flow was measured
with a continuous thermodilution catheter introduced
into the arch of the azygos vein; the details of this
procedure have been previously described9. Heart rate
and mean arterial pressure were monitored in all
patients. Informed witnessed consent was obtained
from all patients.
Statistical Analysis
Results are expressed as mean + SE. Results were
analyzed by paired and unpaired student t test.
Table 1 Liver biological tests before and 6 months after
portocaval shunt and Sugiura procedure in cirrhotic patients.
Portocaval shunt Sugiura procedure
(6patients) (9patients)
Before After Before After
Serum billirubin 22+5 42+12" 23+7 17+5
(g mol/1)
Serum albumin 34+9 30+4 36+4 41+4
(g/l)
Prothrombin 74+12 52+22* 58+11 77+10
time (%of control)
Pugh Score A 4 2 7 9
(Nb. of patients)
Pugh score B 2 4 2 0
(Nb. of patients)
*significantly different from before (p < 0.05).
RESULTS
Six months after portocaval shunt, sonographic ex-
amination demonstrated a patent shunt in all six
patients. An asymptomatic thrombosis of the portal
vein was discovered in one patient after a Sugiura
procedure. After portocaval shunt, esophageal varices
disappeared in all patients. After the Sugiura proce-
dure, three patients still had varices, which were small
in two and large in one.
Results of liver tests six months after surgery are
listed in Table 1. After Sugiura procedure,
prothrombin time increased slightly, but the difference
with the preoperative value was not significant. AfterLONG-TERM HEMODYNAMIC EFFECTS 211
portocaval shunt, serum bilirubin increased and
prothrombin time decreased significantly (p < 0.05).
One transient episode ofencephalopathy was noted in
one patient after a portocaval shunt. No encephalo-
pathy occurred after the Sugiura procedure.
Pre and postoperative values of cardiac index,
mean arterial pressure, heart rate and systemic vascu-
lar resistance are indicated in Table 2. In patients with
a portocaval shunt, there was a significant (p < 0.05)
increase in cardiac index (35%). None of the systemic
hemodynamic values was significantly modified after
the Sugiura procedure. The hepatic venous pressure
gradient and hepatic blood flow decreased signifi-
cantly by 26% and 50% respectively after portocaval
systemic shunt. Azygos blood flow, measured in four
patients after the surgical shunt, decreased in two
patients but did not change in two others. There were
no alterations of the splanchnic hemodynamic values
after the sugiura procedure (Table 3).
Table 3 Splanchnic hemodynamics before and 6 months after
portal systemic shunt or Sugiura procedure in cirrhotic patients.
Portocaval shunt Sugiuraprocedure
(6patients) (9patients)
Before After Before After
Wedge hepatic
venous pressure
(mm Hg)
Free hepatic
venous pressure
(mm Hg)
Hepatic venous
pressure gradient
(mm Hg)
Total hepatic
blood flow
(I/min)
Azygos
blood flow
(I/min)
27.6+4.0 20.4+7.0 22.0+4.0 22.0+5.0
6.6+7.0 7.4+4.0 7.8+4.0 6.0+4.0
21.0+3.0 13.0+5.0 14.6+2.0 15.7+5.0
1.20+0.35 0.37+0.16" 1.40+0.66 1.10+0.74
0.51+0.31 0.25+0.33** 0.47+0.23 0.47+0.20
*significantly different from before (p < 0.05).
**p < 0.1
DISCUSSION
The results of this study demonstrate that significant
changes in splanchnic and systemic hemodynamics
occur after portocaval shunt but not after Sugiura
procedure in patients with cirrhosis. In the former
group, hepatic bloodfiow and pressures decreased and
cardiac output increased. Six months after the Sugiura
procedure there were no significant alterations of he-
patic venous pressures, hepatic blood flow or cardiac
index.
Alterations of splanchnic hemodynamics after por-
tocaval shunt have previously been documented1-13.
The results of this series confirm the reduction of
hepatic venous pressures following portocaval shunt
13
and show that this reduction persisted for at least six
Table 2 Systemic hemodynamics before and 6 months after
portocaval shunt or Sugiura procedure in cirrhotic patients.
Portocaval shunt Sugiura procedure
(6patients) (9patients)
Before After Before After
Heart rate 97+32 90+7 76+13 75+17
(beats/min)
Mean arterial 89+19 92+7.8 89+12 96+12
pressure (mm Hg)
Cardiac index 4.0+1.4’ 5.4+0.8* 4.0+1.0 3.8+0.6
(I/min m2)
Systemicresis- 976+407 735+108 1029+487 1143+364
tance (dyn/cm2)
*significantly different from before (p < 0.05).
months. Changes in azygos blood flow after
portocaval shunt differ from one patient to another,
but the decrease was not significant. Patterns of
portosystemic collaterals varcies in patients with portal
hypertension
4 and may explain these discrepancies.
However, these results differ from a previous study
where azygos blood flow was found to be significantly
lower in five patients with cirrhosis after distal
splenorenal shunt
15 than in five patients who did not
undergo shunt surgery.
Discrepant findings have been obtained in previous
reports concerning the influence of Sugiura procedure
on free and wedged hepatic venous pressures16’17.In pa-
tients with hepatic schistosomiaous, it has been shown
that portal pressure decreased following splenectomy
associated with esophageal devascularization up to
two weeks after the operation 16’ 17. In another study
performed in patients with cirrhosis, the hepatic
venous pressure gradient significantly decreased one
month after the Sugiura procedure TM. In the present
study as in these two previous studies, portal pressure
estimated by wedged hepatic venous pressure, did not
change after the Sugiura procedure. However, in other
studies also performed in patients with cirrhosis both
during the operation and in early postoperative meas-
urements, gastroesophageal devascularization sup-
pressed the effect of splenectomy on hepatic venous
pressure19’2. Measurements ofportal or hepatic blood
flow after Sugiura procedure have provided different
results. Portal blood flow, which has been measured212 C. VONS et al.
both intraoperatively by the thermodilution technique
and two weeks after the operation using a pulsed
Doppler flowmeter19’ 20, was found to be decreased.
However, Kawazaki et al showed that hepatic blood
flow, the sum ofportal vein and hepatic arterial blood
flows, measured by the galactose clearance technique,
was maintained during the early postoperative follow-
up 16. The results of the present study confirm the
maintenance of hepatic blood flow using hepatic ex-
traction and clearance of indocyanine green. Al-
though the decrease in portal blood flow and the
maintenance of hepatic blood flow may seem contra-
dictory, these results are not suprising, since the reduc-
tion of portal blood flow is probably compensated by
an increase of hepatic arterial blood flow.
Finally, the results of this series of patients demon-
strated that splenectomy associated with es0phago-
gastric devascularization and esophageal transection
has no deleterious influence on splanchnic hemo-
dynamics. The absence of alterations in splanchnic
hemodynamics after the Sugiura procedure was main-
tained for a long-term period.
After the Sugiura procedure, azygos blood flow
alterations differed from one patient to another but
the mean value did not change. It has been previously
suggested that splenectomy decreased the azygos
blood flow in patients with cirrhosis21. Kokudo et al.
18
demonstrated a significant decrease in azygos blood
flow one month after the Sugiura procedure. However
results of this study suggest that azygos blood flow is
maintained for at least six months. Late preservation
of azygos blood flow in some patients, despite
esophageal devascularization, suggests that most
azygos blood flow comes from periesophageal collat-
eral circulation which is not interrupted by the Sugiura
procedure. However, persistance of elevated azygos
blood flow might, at least, favor recanalization of
esophageal varices.
Alterations of systemic hemodynamics have been
previously demonstrated after portocavalshunt
14 but
not after the Sugiura procedure. Indeed, the marked
increase in cardiac output after portocaval shunt, re-
suiting from the increase in venous return, has been
previously demonstrated 11. In contrast with porto-
caval shunt, cardiac output and vascular systemic
resistance did not significantly change after the Su-
giura procedure. This result is probably because
the Sugiura procedure did not alter splanchnic hemo-
dynamics.
Finally, in this series, associations between
hemodynamic and liver tests alterations were ob-
served. After portocaval shunt, serum bilirubin
increased and serum albumin and prothrombin time
decreased, while after the Sugiura procedure there
were no liver test modifications. The absence of
splanchnic hemodynamic alterations after the Sugiura
procedure migh explain this, suggesting that this pro-
cedure might be better tolerated than portocaval
shunt in patients with cirrhosis.
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